Abstract-We have demonstrated Laser speckle imaging of a finger with an optical configuration based on scattered light detection. Laser light enters a light-guide from its edge and propagates inside. A finger in contact with the light-guide scatters the light and the leaking light is imaged by a camera placed nearby. The speckle image fluctuates with time because the light scattered by the blood flowing inside the finger generates interference patterns varying with time. When the level of the blood flow is decreased by occlusion, the temporal randomness of the speckle image subsides.
As we grow older, our health conditions gradually deteriorate. Some diseases are related to narrowing blood vessels and limiting oxygen-rich blood cells can cause tissue and cell death. Monitoring signals related to a blood flow is a first step toward delaying such unwanted aging effects. Conventional optical technologies for acquiring health-related signals in a non-invasive manner include accelerated plethysmography [1] and laser Doppler perfusion imaging [2] . Imaging systems consisting of a light source and a CCD camera have been also used for visualizing hemoglobin distributions in a foot [3] and a wrist [4] . We are investigating an optical fingerprint sensing technology, which might give us information about the blood flow in a finger-tip in a short period of time [5, 6] . If some signal extracted from a finger-tip were correlated to the conditions of a blood flow or the stiffness of a blood vessel, health-monitoring and data-logging would be quick and easy.
Laser speckle imaging is an interesting possibility that has been applied for visualizing cerebral blood flow [7] as well as the blood flow in human retina [8] . We might be able to adopt this technique to acquire an image that reflects the blood vessel conditions in a finger-tip as schematically illustrated in Fig. 1 . When a finger is illuminated by a coherent light from a Laser, interference of the reflected light generates a speckle pattern. Due to the blood flow in the finger, the speckle image will fluctuate with time. However, a direct observation of a reflected light by a finger does not give a high-contrast image of a fingerprint. For this matter, we have studied a somewhat indirect optical configuration in an attempt to improve the valley-ridge contrast. This is based on scattered light detection [9] . In this paper, we report that Laser speckle imaging is actually possible with this sensor configuration based on scattered light detection and that its variation with time is related to a blood flow. Figure 2 illustrates our sensor configuration and the three fingers that we have tried to image. The first finger is a genuine living finger. The second finger is an artificial finger made of urethane resin [10] and its photograph is shown in Fig. 2(d) . We hold the artificial finger with our fingers and pressed it against the light-guide in Fig. 2(b) . In Fig. 2(c) , we put a weight on top of the artificial finger to apply pressure so that the finger deformation becomes similar to those of other cases. The wavelength of the Laser diode is 780 nm. The specifications of the camera used here are as follows: 640×480 pixels, 30 frames/sec, 8-bit gray, and 1 msec exposure time. The raw images corresponding to the three situations in Fig. 2 are shown in Fig. 3 . Because these are still images, the difference is not clear. Next, we monitored the value of a certain pixel in the video images acquired at this frame rate (30 fps). The results are compared in Fig. 4 . The real finger shows a large variation with time and so does the artificial finger pressed by the real fingers. However, the variation is much smaller in case of (c) where the pressure applied to the artificial finger is by a weight. We suspect that the variation in case of (b) is caused by the vibration of the real fingers. Therefore, it is not clear whether the variation observed in the real finger is caused by the blood flow or by the vibration introduced unintentionally by the finger-pressing action. 
OCCULUSION AND RELEASE
For clarifying the origin of the pixel variation with time in Fig. 3(a) , we decreased the level of a blood flow in a finger by putting a rubber band as shown in Fig. 5 . The sequence of the image acquisition was as follows. First, we recorded 32 images in a series at 30 fps when we pressed the normal living finger against the light-guide. We put the rubber band and a minute later we recorded another 32 images. We repeated this image acquisition every two minutes. Nine minutes later, we removed the rubber band continued repeating the acquisition sequence. For quantifying the level of pixel value variation, we derived the "SBR" value used in Ref. [7] . Here, we deal with N images and let I x,y,i be the pixel value at a position (x, y) in the ith image. The SBR value is calculated for each pixel according to the definition reproduced in Fig. 6 . The result is shown in Fig. 7 . The rubber band reduces the level of blood flow in the finger and the SBR value decreases accordingly. When the rubber band was removed, the blood flow returned to its normal level and so does the SBR value. Therefore, we conclude that our scattered light optics can detect the speckle change due to the variation in the blood flow level in a finger. 
CONCLUSION
We are investigating a fingerprint sensor that might give us a signal related to a blood flow. With an optical configuration based on scattered light detection, we have observed Laser speckle images of a finger. When we suppress the level of the blood flow by placing a rubber band, the temporal randomness of the speckle image subsides. When the rubber band is removed, the randomness returns to its normal level. Therefore, we believe that the speckle variation is related to the level of the blood flow in the finger.
